Empowering ATF Users :
Control System Interface via Mathcad

Introduction and Background How to get started? How Does It Support ATF Users?

e ATF users now have the option of writing their own control/data acquisition 1. Request a copy of the ATF Mathcad Dynamic Link Library (DLL) and a starter worksheet *All capabilities available under the GUI are available programmatically in Mathcad.

algorithms using Mathcad (has the most commonly used ATF operations pre-defined). This includes:
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Quantum efficiency [nC/microJoule]: QuantumEfficency = 0.11

HPOP-UP SUMMAR)|

Quantum efficiency [percent]: 0.466QuantumEfficency = 0.051

Maximum (space-charge limitted laser energy) charge [nC]:  MaxCharge = 0.999
measured at a laser energy of: LasetEnergyMean = 10.027
; and at a nominal gun phase of: IMaxGunPhase = 190.748
Statistics:

Laser energy standard deviation [%] LasetEnergyStdDev = 62.453
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Peak to Peak laser energy jitter [%]: LasetEnergyPeak?Peak = 524,693
Operating point:

Nominal charge [nC]: NomCharge = 0.309

SUECA Supplement: ==
DAt CHBition Gulide:

@ Gun Phase [deg]: NomGunPhase = 130.748

Data acquisition hardware

User PC executing Mathcad
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PERIODICAL Gun Forward Power [Volts]: GunFrwdPower = -1.18

Single pulse mode [ V'] Repetionrate [ 1.5 | Hz Shutdown time [
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* Relatively low cost, especially for students and academicians

* Many users already proficient in its use as a computational tool
* Free form, worksheet-like interface
* Native data type is double precision complex (scalars, vectors, matrices)
* Two dimensional, natural mathematic notation with standard operators/notations
* Physics becomes more transparent and natural, with details of computation hidden
* Modifications can be tested quickly (interpreted; no compiling/linking)
 Many built-in mathematics capabilities:

- Numerical linear algebra, integration and differentiation

- Numerical optimization

- Solutions to systems of equations

- Probability distributions

- 2- and 3-dimensional plots

- Numerical solution to differential equations, boundary value problems

- Probability distributions, statistical tests, spectral analysis

- Curve fitting, smoothing, regression
 Ability to import data from other sources

(Microsoft Excel, Mathworks MATLAB, image files, ASCII data)

e Symbolic calculations

Success Stories

A number of ATF experiments have used the Mathcad interface as part of their data collection and analysis.
This includes:

* Longitudinal Phase Space Tomography

o * VISA-II

 Emittance analysis for
non-uniform transverse
laser distribution

e UCLA Chicane
debug/diagnostics

Mathcad vs. traditional code

double a[n]

Vs. double t = 0.0;
long i,
for (i = 1; i < n; i++) k
{
t += 1 ; E ° °
: afi] * All Users: Daily operational parameters

double A[m] [n]; o |

double x ; sample user worksheet =>
double Atr[n] [m]; _
Vit double Atrinv[n] [m]; i _~ . S

Future Plans

If user interest is sufficient, a downloadable simulator which will permit testing Mathcad worksheets at
the users location, before coming to ATF.

matrix transpose(A,m,n, Atr); E Sl
matrix mult(Atr,n,m,A, ); W/, e s rs 2 15 2. e
matrix inv (Atr A,n,Atr Ainv); y /. Ep—— : _
matrix mult (Atr Ainv,n,n,Atr,n,m,Atr Ainv Atr)
matrix mult (Atr Ainv Atr,nxm,b,m,1,x);
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Mathcad is a trademark of Mat soft; Inc., MATLAB is a trademark of Matworks, Inc., Excelis a trademark of Microsoft, Inc.
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